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In Issue 5, 2ooo we looked at the technical 
and business trends in etch processes for 
manufacturing gallium arsenide electronic 
devices. Here we turn to the application of 
dry etching to fabrication of optoelectronic 
devices - a much broader area (covering 
GaAs, lnP as well as GaN and II-Vl materials) 
to which we will return in later issues. 
Dry etch processes 
for optoe[ectronic devices 
A microlens is formed in 
InP using a combination 
process of ICP and RF 
bias on the substrate to 
achieve a selectivity of 
unity between reflowed 
photoresist and InP. 
(Graphic courtesy of Unaxis) 
According to the market report *'The Worldwide 
Semiconduclor Optoelectronic Component 
Industry" (published by Reed Electronics 
Research, UK), the total value of the semiconduc- 
tor opt() components market exceeded USS7. lbn 
in 2000, US$2.3 bn of which was taken by diode 
lasers. 
In order to manufacture these and other opt() 
components,  dry process ystems are becoming 
the established tool of choice.The total llI-Vs 
equipment market now exceeds USSO.5bn and 
dry processing (etch anti deposition) represents 
nearly half of this (USS220m), with opto taking 
nearly two-thirds of that (about US$145m in 2000), 
Opt() places yawing demands on manufacturers, 
largely because it still relies on discrete devices 
made on 50 mm (2") diameter wafers rather than 
the larger wafers favoured by MMIC fabs. Devices 
are small (e.g. 500 x 400 pm) giving several thou- 
sand for every 50 or 75 mm (2" or 3") diameter 
wafer. 
Nonetheless, demands for fibre-related telecom 
equipment provide a strong driver for the devel- 
opment of more capable tch processes and 
throughput.There is a clear trend away from low- 
scale R&D to production tooling, tn fact, there 
are malay more opto companies than there are 
for MMIC manufacture.There ar  currently tke- 
quent announcements of new start-ups, with the 
larger OEMs (e.g. Nortel. Lucent and Marconi) all 
adding capacity," and building new factories. 
Discrete emphasis 
Emphasis on discretes rather than ICs means that 
dry processing for opto devices is some way 
behind MMIC manufacture. However, it is catch- 
ing up last and has its own set of technical chal- 
lenges to meet. 
To achieve the optimum economics demanded 
by the price-sensitive handset market, GaAs 
MMIC manufacture is having to move to the 
largest available wafers (150 mm). GaAs manufac- 
turers are in transition from 75 or 100 mm to 
150 ram, whereas opto seems content o use 50 
and 75 mm w'Mers for the foreseeable future. 
This is the direct result of the emphasis on dis- 
crete devices for opto rather than MMICs ff)r the 
analog market.The two paths are also diverging: 
going to single-water processing for larger wafers 
for MMICs while opto looks more likely to 
pursue the batch approach. So, process tool 
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manufacturers can only share so much technolo- 
gy across both these markets. 
Indeed such has been the impetus for MMICs 
that companies which have chosen to dedicate 
themselves to this market have - to some extent - 
had to turn away from opto. Nonetheless, this 
manufacturing experience should prove invalu- 
able when opto moves to larger wafers. 
Now that today's compound semiconductor 
device-processing market is approaching silicon- 
like scales, a haft-hearted approach is inappropri- 
ate. Companies can therefore not spread them- 
selves too thinly, so others have been able to 
pick up business from the opto market. 
However, that too is showing signs of spectacular 
growth (25% per annum for key components 
such as LEI)s and lasers). 
Recent months have seen many announcements 
of start-ups and expansions within the opto field. 
These will all demand more process tools, of 
which more will be dry process equipment 
(such as reactive ion etching and, in particular, 
inductively-coupled plasma etching). 
So, too, wet etch processing is having to make 
way for dry etching. However, even dry process- 
ing techniques like ion beam milling and RIE are 
now having to make way for ICP etching. 
Suppliers respond 
There are several suppliers of dry process equip- 
ment, including Oxford Instruments Plasma 
Technology (OIPT), SAMCO, Surface Technology 
Systems,Tegal, Trikon and Unaxis (the company 
formed last year which includes both Plasma- 
Therm and BPS). 
SAMCO (a company which we did not cover 
before) has seen some success in Japan for etch- 
ing applications in opto. It recently announced 
that it has sold more than 10 of itsTornado ICP 
etch systems to key manufacturers of opto 
devices for InP, GaAs, GaN and related materials. 
Similarly, Tegal's 6520 plasma etch system (which 
uses a dual-frequency plasma reactor for device- 
side and back-side tching of GaAs and lnP films) 
has proven popular due to its low-ion-energy 
etch process.These are tailored for damage-free 
etches of III-V films but still use simple process 
chemistries. 
In the manufacture of InP-based lasers (e.g. for 
visible laser applications) the user requires a
process which must not only be able to etch 
vertically with low damage but also have non- 
selective characteristics through the multi-layer 
stacks.This used to be achieved by ion beam 
processes but, since this introduces ion damage, 
ICP is now the more common approach. ICP has 
much reduced amage and so is rapidly becom- 
ing the tool of choice in opto as well as MMIC 
device manufacture. 
MMICs are principally being driven by the 
demands of the telecom industlT, which is also 
the main driver for the opto industry. But, in con- 
trast to the MMIC industry, which is pursuing 
wireless technology markets, opto's key driver is 
fibre-optic tele- and datacoms.The massive de- 
mand for more bandwidth for Internet and multi- 
media is driving infrastructural deployment which 
in turn boosts demand for opto components. 
Evolving markets 
Of course, that is not the end of the story 
because opto components are in demand from 
several other market sectors. 
In particular, opto is also driven by evolving 
demands for data storage, for which - in an 
increasingly optical-oriented marketplace - diode 
lasers and detectors are now the components of 
choice. In general, the telecoms market is the 
greatest in value but the data-storage market is 
An InP via with vertical 
profiles, and with the hard- 
baked photoresist mask 
still in place. A combina- 
tion of RF bias on the sub- 
strate and ICP to create a 
high density plasma was 
used with substrate chuck 
temperature of 160°C. 
(Graphic courtesy of Unaxis) 
A process combining RF 
bias on the substrate and 
ICP was used to produce 
vertical profile features 
with high aspect ratios in 
InP (SiO 2 mask). 
(Graphic courtesy of Unaxis) 




non-selective tch of 
InP/InGaAsP waveguide 
structure for photonic 
device applications, using 
the OIPT Plasmalab 
System 100 with ICP-RIE. 
Etch rates in excess of 1.5 
pm/min are achievable for 
this type of application. 
OWOM...requires 










non-selective tching of 
GaAs/AIAs multi-stack 
DBR mirror structure with 
GaAs/GaN based cavity 
separator (central band), 
using the OIPT Plasmalab 
System 100 with ICP-RIE. 
Precise end-pointing at the 
foot of the lower DBR 
structure was achieved 
using laser interferometry 
feedback. 
the biggest in terms of unit volume of devices 
produced. 
The opto market is also distinguished by demand 
fbr incoherent emitters (i.e. LEDs for status indi- 
cation and information display).These are mainly 
simpler devices than lasers and so are of less im- 
ortance to dry etching. Nevertheless, in the past 
five years this has seen an enormous resurgence 
thanks to the SiC/GaN-based blue-green LED. 
Although these are also principally discrete 
devices, they demand rastic cost reduction to 
be competitive with older red and amber 
devices. Improved manufacturing techniques 
based on refined dry processing will pl W a key 
role in ensuring this. 
This technology will be even more important tbr 
the development of the next big step in data 
storage.This key market has already stolen the 
attention of the process tool manufacturers, who 
are quietly at work refining the process chem- 
istry and wafer handling to be ready for the next 
wave. But at present most of the market is taken 
up with DVD lasers for movie players, games 
consoles and PCs. 
As noted in Crystal Gazing (page 53), the Sony 
PlayStation2 looks set to emulate its predecessor 
and ship tens of millions of units, each equipped 
with a DVD laser optical pick-up.This is but a 
tenth of the total DVD laser market. DVD has yet 
to reach anything like the saturation achieved by 
CD-ROM in all its forms. 
Other "new" laser markets include higher-power 
units for "burning" CD-ROMs and DVD-ROMs. 
There is already a huge market for CD-R/RW 
archiving, but within the next five years the 
recordable DVD for home use will become estab- 
lished.This requires a new laser unit for reading 
and writing.At even higher powers, the laser 
diode for pumping or direct heating is growing 
strongly. 
All of these new laser markets demand more pre- 
cise and lower-cost manufacturing techniques, 
leading to greater demand for dry processing 
tools. 
But at the moment he most significant driver for 
dry processing is the need for lower-cost compo- 
nents.This is seen as a determinant in the oft-dis- 
cussed success of the prospective 'fibre-to-the- 
home' market. Increasingl), process tool compa- 
nies are looking to achiever lower costs for the 
users via direct etch on wafer. 
DWDM arrays 
Another key application area for lasers is dense 
wavelength division multiplexing (DWDM), 
which requires a move from relatively low-vol- 
ume discrete devices to high-volume, wafer-scale, 
integrated optical sub-systems (e.g. laser arrays, 
detector arrays, multiplexers etc). 
These are placing more stringent demands on 
the manufacturers of dry processing tools. 
Machines are having to be optimised for new 
etch chemistries to give higher etch rates, while 
also giving cleaner processing, fewer process 
steps and higher tool utilisation.These products 
must provide considerable r duction in overall 
cost-of-ownership for opto device manufacture. 
This is similar for GaAs MMIC processes, but 
opto needs selective tching with better control 
of selectivity in tools which have a smaller con- 
figuration for smaller wafers.As a result, opto can 
use batch processing rather than single wafers. 
In the etching of InP using ICP systems (i.e. shal- 
low etching for waveguides and deep etching for 
mirrors) a hot electrostatic chuck allows fast 
etch rate and vertical profiles. It achieves this 
with a simple chemistry.Also important is dielec- 
tric etching on InP substrates such as hard masks 
and for use in the fabrication of contacts. 
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manufacturers can only share so much technolo- 
gy across both these markets. 
Indeed such has been the impetus for MMICs 
that companies which have chosen to dedicate 
themselves to this market have - to some extent -
had to turn away from opto. Nonetheless, this 
manufacturing exper ience should prove invalu- 
able when opto moves to larger wafers. 
Now that today's compound semiconductor  
device-processing market is approaching silicon- 
like scales, a half-hearted approach is inappropri- 
ate. Companies can therefore not spread them- 
selves too thinly, so others have been able to 
pick up business from the opto market. 
However, that too is showing signs of spectacular 
growth (25% per  annum for key components  
such as LEDs and lasers). 
Recent months have seen many announcements  
of start-ups and expansions within the opto field. 
These will all demand more process tools, of 
which more will be dry process equipment 
(such as reactive ion etching and, in particular, 
inductively-coupled plasma etching). 
So, too, wet  etch processing is having to make 
way for dry etching. However, even dry process- 
ing techniques like ion beam milling and RIE are 
now having to make way for ICP etching. 
Suppliers respond 
There are several suppliers of dry process equip- 
ment, including Oxford Instruments Plasma 
Technology (OIPT), SAMCO, Surface Technology 
Systems,Tegal,Trikon a d Unaxis (the company 
formed last year which includes both Plasma- 
Therm and BPS). 
SAMCO (a company which  we did not cover 
before) has seen some success in Japan for etch- 
ing applications in opto. It recently announced 
that it has sold more than 10 of its Tornado ICP 
etch systems to key manufacturers of opto 
devices for InE, GaAs, GaN and related materials. 
Similarly, Tegal's 6520 plasma etch system (which 
uses a dual-frequency plasma reactor for device- 
side and back-side tching of GaAs and InP films) 
has proven popular  due to its low-ion-energy 
etch process.These are tailored for damage-free 
etches of III-V films but still use simple process 
chemistries. 
In the manufacture of InP-based lasers (e.g. for 
visible laser applications) the user requires a 
process which must not  only be able to etch 
vertically with low damage but also have non- 
selective characteristics through the multi-layer 
stacks.This used to be achieved by ion beam 
processes but, since this introduces ion damage, 
ICP is now the more common approach. ICP has 
much reduced damage and so is rapidly becom- 
ing the tool of choice in opto as well as MMIC 
device manufacture. 
MMICs are principally being driven by the 
demands of the telecom industry, which is also 
the main driver for the opto industry. But, in con- 
trast to the MMIC industry, which is pursuing 
wireless technology markets, opto's key driver is 
fibre-optic tele- and datacoms.The massive de- 
mand for more bandwidth for Internet and multi- 
media is driving infrastrucuwal deployment which 
in turn boosts demand for opto components.  
Evolving markets 
Of course, that is not the end of the story 
because opto components  are in demand from 
several other market sectors. 
In particular, opto is also driven by evolving 
demands for data storage, for which - in an 
increasingly optical-oriented marketplace - diode 
lasers and detectors are now the components  of 
choice. In general, the telecoms market is the 
greatest in value but the data-storage market is 
An InP via with vertical 
profiles, and with the hard- 
baked photoresist mask 
still in place. A combina- 
tion of RF bias on the sub- 
strate and ICP to create a 
high density plasma was 
used with substrate chuck 
temperature of 160°C. 
(Graphic courtesy of Unaxis) 
A process combining RF 
bias on the substrate and 
ICP was used to produce 
vertical profile features 
with high aspect ratios in 
InP (SiO 2 mask). 
(Graphic courtesy of Unaxis) 




non-selective etch of 
InP/InGaAsP waveguide 
structure for photonic 
device applications, using 
the OIPT Plasmalab 
System 100 with ICP-RIE. 
Etch rates in excess of 1.5 
pm/min are achievable for 
this type of application. 
DWDM...requires 










non-selective etching of 
GaAs/AIAs multi-stack 
DBR mirror structure with 
GaAs/GaN based cavity 
separator (central band), 
using the OIPT Plasmalab 
System 100 with ICP-RIE. 
Precise end-pointing at the 
foot of the lower DBR 
structure was achieved 
using laser interferometry 
feedback. 
the biggest in terms of unit volume of devices 
produced. 
The opto market is also distinguished by demand 
for incoherent  emitters (i.e. LEDs for status indi- 
cation and information display).These are mainly 
simpler devices than lasers and so are of less im- 
ortance to dry etching. Nevertheless, in the past 
five years this has seen an enormous resurgence 
thanks to the SiC/GaN-bascd blue-green LED. 
Although these are also principally discrete 
devices, they demand drastic cost reduction to 
be competit ive with older red and amber 
devices. Improved manufacturing techniques 
based on refined dry processing will play a key 
role in ensuring this. 
This technology will be even more important for 
the development of the next big step in data 
storage.This key market has already stolen the 
attent ion of the process tool manufacturers, who  
are quietly at work refining the process chem- 
istry and wafer handling to be ready for the next 
wave. But at present most of the market is taken 
up with DVD lasers for movie players, games 
consoles and PCs. 
As noted in Crystal Gazing (page 53), the Sony 
PlayStation2 looks set to emulate its predecessor 
and ship tens of millions of units, each equipped 
with a DVD laser optical pick-up.This is but a 
tenth of the total DVD laser market. DVD has yet 
to reach anything like the saturation achieved by 
CD-ROM in all its forms. 
Other "new" laser markets include higher-power 
units for "burning" CD-ROMs and DVD-ROMs. 
There is already a huge market for CD-R/RW 
archiving, but within the next five years the 
recordable DVD for home use will become estab- 
l ished.This requires a new laser unit for reading 
and writing.At even higher powers, the laser 
diode for pumping or direct heating is growing 
strongly. 
All of these new laser markets demand more pre- 
cise and lower-cost manufacturing techniques, 
leading to greater demand for dry processing 
tools. 
But at the moment  he most significant driver for 
dry processing is the need for lower-cost compo- 
nents.This is seen as a determinant in the off-dis- 
cussed success of the prospective 'fibre-to-the- 
home'  market. Increasingly, process tool compa- 
nies are looking to achiever lower costs for the 
users via direct etch on wafer. 
DWDM arrays 
Another  key application area for lasers is dense 
wavelength division multiplexing (DWDM), 
which requires a move from relatively low-vol- 
ume discrete devices to high-volume, wafer-scale, 
integrated optical sub-systems (e.g. laser arrays, 
detector arrays, multiplexers etc). 
These are placing more str ingent demands on 
the manufacturers of dry processing tools. 
Machines are having to be optimised for new 
etch chemistries to give higher etch rates, whi le 
also giving cleaner processing, fewer process 
steps and higher tool util isation.These products 
must provide considerable reduction in overall 
cost-of-ownership for opto device manufacture. 
This is similar for GaAs MMIC processes, but 
opto needs selective tching with better  control 
of selectivity in tools which have a smaller con- 
figuration for smaller wafers.As a result, opto can 
use batch processing rather than single wafers. 
In the etching of InP using ICP systems (i.e. shal- 
low etching for waveguides and deep etching for 
mirrors) a hot electrostatic chuck allows fast 
etch rate and vertical profiles. It achieves this 
with a simple chemistry.Also important is dielec- 
tric etching on InP substrates such as hard masks 
and for use in the fabrication of contacts. 
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Trikon's high-temperature el ctrostatic chuck tar- 
gets plasma etching of compound semiconduc- 
tors, especially InP Accurate temperature control 
during plasma etching of compound wafers is 
critical and this has been a contentious i sue for 
earlier generation chucks which cannot effective- 
ly clamp IlI-V wafers for hot processes, leading to 
slower plasma etch processes and limited choic- 
es of etch chemistries.The only alternative was 
mechanical clamping, introducing particulates 
and causing wafer breakage which can drastically 
reduce yields and throughput. By adding reliable 
and uniform heating to a chuck which has been 
field proven in production,Trikon has brought a 
production-worthy solution to a major opto 
device manufacturing problem. 
As was the case for GaAs MMIC devices, damage 
remains an emotive subject as its quantification 
is highly dependent on the device type and etch 
chemistry.Typically, the required etch depth is 
shallow (<100 rim), which allows low-power 
(and hence low-ion-energy) RIE systems to be 
used for low-damage tching.There has been a 
transition to ICP source technology as this offers 
an increased level of control within the low-ion- 
energy parameter space which satisfies ome 
front-side low-damage gate-etch applications. 
However there are still sufficient concerns 
among some device manufacturers that they 
resort to a dry selective tch stop (GaAs/A1GaAs) 
followed by a finishing wet etch. 
U pping prod uctivity 
It looks certain then that more demands are 
being made on etch systems for opto devices in 
terms of productivity.With e telecoms market 
driving up throughput and driving down price, 
etch tools are helping provide the desired yields 
of high-performance d vices. Moving on from 
R&D-type systems capable of handling only 
smaller wafer sizes for discrete devices, these 
etch systems are having to meet the needs 
for volume, wafer-scale, integrated optical sub- 
systems. 
Automated handling is just around the corner 
and specialised wafer clamping improvements 
such as ES chucks are being developed.As we 
noted in the article on GaAs etch production 
processes, the focus of the tool supplier is chang- 
ing. Previously. it was acceptable to order hard- 
ware, develop processes and maintain equipment 
in-house but today higher levels of customer sup- 
port from the tool suppliers is mandatory, along 
with all the associated financial commitment. 
This accumulated market will gather even 
more momentum over the next five years, 
ensuring that the opt() market stays ahead of 
the III-V microelectronics market by an order 
of magnitude. However, this will involve mostly 
discrete devices, so it is likely that opto will 
retain smaller wafer processing and batch 
processing. 
Integrated futures 
Though bigger wafers will become available in 
due course and the industry will steadily grow, it 
will be at a slower pace than MMICs. Discretes 
do not grow much in size and require none of 
the passives which take up so much area on 
MMICs. Nevertheless, opto is moving towards 
more integration (albeit only for specialists 
applications at the moment).This nvolves 
arrays of detectors and emitters for a variety 
of wavelengths (though mostly in the infrared 
for DWDM and related applications such as 
instrumentation). 
The way is beginning to ()pen up tbr monolithic 
integrated opto circuits (also including MEMS) - 
the so-called photonic ICs or optoelectronic inte- 
grated circuits (OEICs).Tools developed for the 
manufacture of higher-performance discretes at 
lower prices will also be adopted lbr these appli- 
cations, l)epending on how well this market 
expands over the next five years, this will 
demand larger wafers to accommodate larger- 
area opto devices as well as more per wafer. 
R&D examples of OEICs are already being 
demonstrated whereby monolithically integrated 
multiplexers have been incorporated with diode 
lasers.These are in effect the first of a new gen- 
eration of product opportunities - "photonic ICs" 
- and a key factor in the successful commercial 
realisation of such complex devices will be the 
availability of the right dry processing tools with 
optimised "cost-of-ownership". 
A 1.8 pm facet etch of 
gallium nitride 
(Courtesy of Surface 
Technology Systems). 
The way is 
beginning to 




This will demand 




factor in the suc- 
cessful commer- 
cial reolisation of 
such complex 
devices will be 
the availability 
of the right dry 
processing tools. 
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